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Description 

Metal Seed Layer Deposition 

Background of Invention 

[0001] i Technical Field 

[0002] The present invention relates to metal interconnect in 
semiconductor devices, and more particularly, to metal 
seed layer deposition. 

[0003] 2. Related Art 

[0004] Copper (Cu) is usually used as an interconnect material in 
semiconductor devices. Usually, if a copper region is to be 
electrically coupled to a target region (e.g., a drain/source 
region of a semiconductor transistor), a diffusion barrier 
layer (which is electrically conducting) is first applied to 
the target region, and then the copper region is applied to 
the diffusion barrier layer. In other words, the copper re- 
gion and the target region are physically separated by the 
diffusion barrier layer. As a result, the diffusion barrier 
layer prevents copper atoms of the copper region from 
diffusing into the target region. Usually, the copper region 



is applied to the diffusion barrier layer in two steps. The 
first step comprises applying a thin layer (called seed 
layer) of copper to the surface of the diffusion barrier 
layer. The second step comprises applying a bulk layer of 
copper to the seed layer so that both the seed layer and 
bulk layer merge to form the copper region. The quality of 
the seed layer greatly affects the quality of the copper re- 
gion. For instance, if the seed layer adheres well to the 
diffusion barrier layer, so does the resulting copper re- 
gion. 

[0005] Therefore, there is a need for a novel structure of a good 
seed layer. Also, there is a need for a method of forming 
the good seed layer. 
Summary of Invention 

[0006] The present invention provides a method for forming a 
seed layer on a semiconductor structure, the method 
comprising the steps of (a) depositing the seed layer on 
the semiconductor structure, the seed layer comprising a 
metal; and (b) raising the temperature of the seed layer 
above a water condensation temperature, wherein the 
seed layer has not been subjected to water vapor prior to 
raising the temperature of the seed layer. 

[0007] The present invention also provides a method for forming 



a seed layer on a semiconductor structure, the method 
comprising the steps of (a) depositing the seed layer on 
the semiconductor structure, the seed layer comprising a 
metal; and (b) forming on the seed layer a protective layer 
being inert to water vapor and capable of preventing the 
seed layer from chemically reacting with water vapor, 
wherein the seed layer has not been subjected to water 
vapor prior to the forming step. 

[0008] The present invention also provides a method for forming 
a seed layer on a semiconductor structure, the method 
comprising the steps of (a) depositing the seed layer on 
the semiconductor structure, the seed layer comprising a 
metal; and (b) smoothing a top surface of the seed layer, 
wherein the seed layer has not been subjected to water 
vapor prior to the smoothing step. 

[0009] The present invention also provides a semiconductor 

structure, comprising (a) a substrate; (b) a via hole in the 
substrate; (c) a diffusion barrier layer deposited on bot- 
tom and side walls of the via hole, the diffusion barrier 
being capable of preventing diffusion of the metal; and (d) 
a seed layer deposited on the diffusion barrier layer, the 
seed layer comprising a copper alloy such that corrosion 
of the seed layer is prevented in response to the seed 



layer being subjected to water vapor at a temperature 
lower than a water condensation temperature. 
[0010] The present invention provides the advantage of a good 
seed layer in fabricating semiconductor devices. 
Brief Description of Drawings 

[001 1] FIGs. 1A-1D illustrate cross-sectional views of a semicon- 
ductor structure after each of a series of fabrication steps 
is performed, in accordance with embodiments of the 
present invention. 
Detailed Description 

[0012] FIGs. 1A-1D illustrate cross-sectional views of a semicon- 
ductor structure 100 after each of a series of fabrication 
steps is performed, in accordance with embodiments of 
the present invention. FIG. 1A illustrates the structure 100 
after a dielectric layer 120, a via hole 130, and then a dif- 
fusion barrier layer 140 are formed on a semiconductor 
(e.g., silicon (Si) or SOI-silicon on insulation) substrate 
110. More specifically, in one embodiment, the dielectric 
layer 120 can be formed on the top surface the Si sub- 
strate 110 by, illustratively, thermal oxidation (i.e., heat- 
ing the top surface of the Si substrate 110 so as to make 
silicon material at the top surface of the Si substrate 110 



to react with oxygen to form silicon dioxide, a dielectric 
material). Then, the via hole 130 is etched in the dielectric 
layer 120 using, illustratively, chemical etching. Finally, 
the diffusion barrier layer 140 can be deposited on the 
entire structure 100. The diffusion barrier layer 140 may 
comprise a nitride (e.g., silicon nitride), or silicon carbide, 
etc. The diffusion barrier layer 140 covers the bottom and 
side walls of the via hole 130 and the top surface of the 
dielectric layer 120. A top surface of a region is a surface 
where fabrication steps are directed. In one embodiment, 
the via hole 130 after being filled with an electrically con- 
ducting material can be used to electrically connect a 
source/drain region (not shown) in the Si substrate 110 to 
an interconnect level (not shown) above the dielectric 
layer 120. 

[0013] FIG. IB illustrates the structure 100 after a copper seed 

layer 150 is formed on top of the structure 100 of FIG. 1A, 
in accordance with embodiments of the present invention. 
In one embodiment, the copper seed layer 150 can be de- 
posited on the entire structure 100 of FIG. 1A using, illus- 
tratively, a PVD (physical vapor deposition) process, which 
is also called a sputter deposition process. As a result, the 
copper seed layer 150 covers the bottom and side walls of 



the via hole and the top surface of the diffusion barrier 
layer 140. 

[0014] FIG. 1C illustrates the structure 100 after a copper bulk 
layer 160 is formed on top of the entire structure 100 of 
FIG. IB, in accordance with embodiments of the present 
invention. In one embodiment, the copper bulk layer 160 
can be deposited on the structure 100 of FIG. IB such that 
the Cu seed layer 150 and the Cu bulk layer 160 merge to 
form a copper region 150,160. In one embodiment, the 
Cu bulk layer 160 is deposited using an electroplated 
mode. Alternatively, CVD (chemical vapor deposition) pro- 
cessing in conjunction with PVD can also be used to fill 
the structures. In the electroplated mode, the Cu seed 
layer 150 is used as an electrode. In one embodiment, the 
Cu seed layer 150 can be deposited using either PVD 
means or CVD or ALD (Atomic Layer Deposition) means 
and still be used as an electrode to support electroplating, 
also called electrofilling. Therefore, the quality of the Cu 
seed layer 150 greatly affects the quality of the combined 
copper region 150,160. For instance, if the seed layer 150 
adheres well to the diffusion barrier layer 140, so does the 
resulting copper region 150,160. 

[0015] | n one embodiment, the sputter deposition process of 



forming the Cu seed layer 150 on the structure 100 of 
FIG. 1A is performed inside a sputter tool (not shown) in 
the condition of very low pressures (from 0.1 millitorr to 
50 millitorr during sputter deposition and then lower to 
1E-7 torr to 1E-10 torr between depositions; these low 
pressure ranges are considered vacuum) and with the 
structure 100 of FIG. 1A being at very low temperatures 
(around 80°C to 15°C). The vacuum condition ensures 
that no contaminants are present in the space around the 
structure 100 of FIG. 1A that could deposit on or react 
with the components of the structure 100. The low tem- 
perature of the structure 100 ensures that the formed Cu 
seed layer 150 is continuous. If the sputter deposition 
process is performed on the structure 100 being at high 
temperatures (e.g., around 100°C or greater), the formed 
Cu seed layer 150 may be discontinuous and therefore 
may inhibit the subsequent copper electrofilling of the via 
hole 130. 

[0016] | n one embodiment, after the Cu seed layer 150 is formed 
on the structure 100 of FIG. 1A by the sputter deposition 
process inside the sputter tool, the structure 100 is 
brought out of the vacuum environment of the sputter 
tool and into a factory environment in which water vapor 



is usually present. Before the structure 100 exits the vac- 
uum environment of the sputter tool, the temperature of 
the structure 100 is raised (i.e., warmed up) above the 
water condensation temperature of the factory environ- 
ment. As a result, when the structure 100 enters the fac- 
tory environment, water vapor in the factory environment 
does not condense on the structure 100. Without this 
warming-up step, water vapor in the factory environment 
would condense on the structure 100 and react with some 
copper material of the Cu seed layer 150 to form copper 
oxide (CuO). In the subsequent electrofilling process (to 
form the Cu bulk layer 160 of FIG. 1C), this CuO is con- 
sumed and therefore the Cu seed layer 150 becomes thin- 
ner and may become discontinuous. This may inhibit the 
electrofilling process itself. 
[0017] | n one embodiment, the temperature of the structure 100 
can be raised by flowing a gas over (i.e., into direct physi- 
cal contact with) the surface of the structure 100 of FIG. 
IB in a chamber (not shown) of the sputter tool. In one 
embodiment, the gas is inert to the materials of the struc- 
ture 100 of FIG. IB (i.e., inert to copper, silicon, etc.) and 
is at a temperature higher than the water condensation 
temperature. For instance, the gas can comprise nitrogen 



at 10 C or higher. In one embodiment, this gas flowing 
step can be performed in a "cool station"which is usually 
present in a commercial sputter tool. The cool station is 
typically used for cooling a wafer by flowing a gas over it. 
The same cool station can be used to warm up the struc- 
ture 100 of FIG. IB in this present invention. 

[0018] | n one embodiment, the temperature of the structure 100 
of FIG. IB can be raised above the water condensation 
temperature of the factory environment by placing the 
structure 100 of FIG. IB on a chuck inside the vacuum en- 
vironment of the sputter tool. The chuck should be at a 
temperature higher than the water condensation tempera- 
ture so as to raise the temperature of the Cu seed layer 
150 above the water condensation temperature. 

[0019] in one embodiment, before the structure 100 of FIG. IB 
exits the vacuum environment of the sputter tool, the 
structure 100 of FIG. IB can be treated with a gas plasma 
(such as oxygen plasma) or a neutral gas species (e.g., ni- 
trous oxide plasmas (N 2 0), Nitrogen plasmas, etc.) so as 
to grow or create a protective layer (not shown) on the top 
surface of the Cu seed layer 150. As a result, when the 
structure 100 enters the factory environment, water vapor 
in the factory environment condensing on the structure 



100 (if any) would not react with copper material of the Cu 
seed layer 150. In other words, the Cu seed layer 150 re- 
mains intact and the subsequent electrofilling step will not 
be detrimentally affected. In one embodiment, the gas 
plasma can be oxygen plasma. The forming of the protec- 
tive layer can be performed during (i.e., in situ) or after 
the forming of the Cu seed layer 150. 
[0020] | n an alternative embodiment, before the structure 100 of 
FIG. IB exits the vacuum environment of the sputter tool, 
the structure 100 of FIG. IB can be treated with a chemi- 
cal that reacts with copper material of the Cu seed layer 
150 to form a protective layer (not shown) on the top sur- 
face of the Cu seed layer 150. For example, the structure 
100 of FIG. IB can be treated with phosphine (Phy that 
reacts to form phosphorus compounds protecting the Cu 
seed layer 150. As a result, when the structure 100 enters 
the factory environment, water vapor in the factory envi- 
ronment condensing on the structure 100 (if any) would 
not react with copper material of the Cu seed layer 150. In 
other words, the Cu seed layer 150 remains intact and the 
subsequent electrofilling step will not be detrimentally af- 
fected. In one embodiment, the chemical reaction men- 
tioned above is an oxidation reaction, where copper ma- 



terial of the Cu seed layer 150 is oxidized to form the CuO 
protective layer. This CuO protective layer is formed in a 
controlled manner which does not detrimentally affect 
subsequent electrofilling step. Without this CuO protective 
layer, when the structure 100 of FIG. IB exits the vacuum 
environment of the sputter tool, water vapor would freely 
(i.e., without control) react with Cu of Cu seed layer 150. 
This would create an inconsistent seed layer which would 
detrimentally affect subsequent electrofilling step. 
[0021] | n an alternative embodiment, before the structure 100 of 
FIG. IB exits the vacuum environment of the sputter tool, 
the top surface of the Cu seed layer 150 of the structure 
100 of FIG. IB can be smoothed by, illustratively, ion 
bombardment. As a result of the top surface of the Cu 
seed layer 150 being smooth, when the structure 100 of 
FIG. IB exits the vacuum environment of the sputter tool, 
it is more difficult for the water vapor of the factory envi- 
ronment to attack (i.e., oxidize) the Cu seed layer 150. In 
other words, the corrosion of the Cu seed layer 150 due 
to water vapor of the factory environment is reduced. This 
effect can be explained as follows. The seed layer 150 
when formed is not perfectly consistently thick but rather 
has some variability. Smoothing out the variability can 



prevent thinner areas from becoming consumed by the 
oxide growth mechanisms and thus can prevent the seed 
layer 150 from becoming inconsistent. Finally, ion bom- 
bardment with species like nitrogen will create surface 
and near-surface layers of nitrides that will essentially be- 
come protective films against the corrosion or oxidation 
of the seed layer 150 by the water vapor. Other species 
that could be bombarded into the copper (implanted) of 
the Cu seed layer 150 include phosphorus, yttrium, nickel, 
chromium, and boron. 

[0022] | n one embodiment, the Cu seed layer 150 can comprise a 
copper alloy (as opposed to pure copper in the embodi- 
ments above) which is physically resistant to copper oxi- 
dation caused by water vapor. For instance, copper alu- 
minum alloy may be used as the seed layer 150. Upon ex- 
posure to water vapor, copper aluminum alloy grows a 
protective layer (aluminum oxide) which prevents further 
oxidation of copper and/or aluminum materials. Other al- 
loys would be copper-silver, copper-nickel, copper- 
chromium, or any other alloying agent that imparts corro- 
sion or oxidation resistance to copper. 

[0023] FIG. ID illustrates the structure 100 after the top surface 
of the structure 100 of FIG. 1C is planarized, in accor- 



dance with embodiments of the present invention. In one 
embodiment, the planarization step is continued until the 
top surface of the dielectric layer 120 is exposed to the 
atmosphere. The planarization step can be performed us- 
ing, illustratively, a CMP (chemical mechanical polishing) 
process. Reactive ion etching to etch-back the materials is 
another method of planarization. A third method is elec- 
tromilling or electroetching. 
[0024] while particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 
are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



